A new montmorillonite/humic acid complex preparation method in alkaline environment was studied by experiment, and the complex effect on remediation of heavy metal pollution was verified. The best technologic condition of the montmorillonite/humic acid complex preparation in alkaline environment was that the mass ratio between montmorillonite and humic acid was 100:3, the reaction solution was 0.01 mol/L sodium nitrate solution, the pH value of the reaction solution was 8.5, and the reaction time was 24 hours. The complex has better remediation effect on cadmium waste water. The cadmium adsorption capacity of the complex was 18.96 mg/g, and the pH value ranges of cadmium waste water suited for the complex was from 5 to 9. When the ratio of Cd initiative concentration/the complex quantity was lower than 300:1 and the pH value of the waste water was higher than 8, almost all of the Cd in waste water can be removed.
Introduction
Clay minerals, which have high specific surface area and strong adsorption capacity, can be used as adsorption materials. Humic acid with negative charge has high cation exchange capacity and good complex performance and has significant role in adsorption heavy metals. Clay minerals can combine with humic acids to form organic/inorganic complex, and the complex can react with pollutant in environment [1] . At present, most of organic/inorganic complexes were obtained in neutral-acid condition. Arias (2002) studied the characteristics of copper and cadmium on kaolin by the presence of humic acids and the selected experimental pH values ranging from 4 to 7 [2] ; El Habib (2010) selected pH values ranging from 4 to 7 as the experimental condition to study the pH effect on imazethapyr adsorption onto montmorillonite (M), Cu-montmorillonite (Cu-M) and Cu humic acid -montmorillonite (Cu-HA-M) [3] . Other authors' experimental pH conditions were similar [4] [5] [6] [7] [8] [9] [10] [11] . Because most complexes studies focus on copper, nickel, zinc and other heavy metals and the study conditions were in neutral-acid environment, this paper studied a new montmorillonite/humic acid complex preparation method in alkaline environment and the effect of the complex on remediation of heavy metal pollution was verified by experiment.
Experiments

Reagents and instruments
Reagents: Montmorillonite and humic acid from Sigma company, USA. Cadmium nitrate, sodium chloride and hydrochloric acid.
Instruments: Constant temperature oscillator, Electronic days, the acidity, Dry boxes, Spectrophotometer Montmorillonite/ humic acid complex preparation technologic parameters selection Reaction time .Put 0.2g montmorillonite into 9 Erlenmeyer flasks respectively and pour 20 mL quality concentration 300 mg/L humic sodium solutions into each flask which the pH values of the solutions were 8.5, make the reaction in constant temperature oscillator at 298k, set reaction time 10min，30min, 1h, 2h, 3h, 4h, 6h, 12h, 24h, 36h respectively. When time's out, centrifuge the flasks and collect the supernatant and analyze the concentration of humic acid by spectrophotometer.
Mass ratio between montmorillonite and humic acid.Put 0.2g montmorillonite into 6 Erlenmeyer flasks respectively, pour 20mL humic sodium solutions into each flask and the humic acid quality concentration of solutions was 10, 50, 100, 200, 300 and 500mg/L respectively which the pH values of the solutions were 8.5, set the reaction time 24h. When time's out, centrifuge the flasks and collect the supernatant and analyze the concentration of humic acid by spectrophotometer.
Ionic concentration in reaction solution.Put 0.2g montmorillonite into 7 Erlenmeyer flasks respectively, pour 20mL quality concentration 300 mg/L humic sodium solutions which the pH values of the solutions were 8.5 and the ion concentrations of sodium nitrate in the reaction solutions were 0，0.005，0.01，0.025，0.05，0.1，0.5mol/L respectively, make the reactions in constant temperature oscillator at 298k and set reaction time 24 hours.
PH value selection.Put 0.2g montmorillonite into Erlenmeyer flasks respectively, pour 20mL quality concentration 300 mg/L humic sodium solutions which the pH values of the solutions were 2.5,3,3.5,4,4.5,5,6,7,8,8.5,9 and 10 respectively, make the reactions in constant temperature oscillator at 298k and set reaction time 24 hours.
Results and discussion
Best complex preparation technologic parameters Best reaction time.The change of humic acid adsorption by mintmorillonite was shown in Fig.1 . The equilibrium time of humic acid adsorption on montmorillonite was about 24 h and the adsorption was 27mg/g. The best reaction time was selected for 24 hours during complex preparation in the experiment. The adsorption of humic acid on montmorillonite gradually increased with the increase of initial concentration of humic acid and when the concentration of humic acid was 300 mg/L, the montmorillonite adsorption reached saturation.
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Mineral surface adsorption sites are relatively plentiful when the HA concentration is low. The adsorption can be completed in a short time and all HA is adsorbed. When the concentration increases, all HA macromolecular component is adsorbed but the small molecule component is only partially adsorbed and the rest of the small molecule residues in the solution. With the increase of the concentration of HA, the montmorillonite adsorption will eventually reach saturation.
Mass ratio between montmorillonite and humic acid was selected for 100:3 during complex preparation in the experiment. Best ionic concentration.The influence of Ion concentration in reaction solution on montmorillonite adsorbing humic acid was shown in Fig.3 .
The adsorption of humic acid on montmorillonite gradually increased with the increase of the ion concentration in reaction solution at the range of 0 to 0.025mol/L, and the adsorption did not change after the ion concentration in reaction solution was over 0.025mol/L. 
Fig.3 Influence of Ionic concentration in reaction solution
Humic acid salt solution can be as a negatively charged hydrophilic colloid. Humic acid colloid surface electric double layer is compressed relying on electrostatic attraction when added Na+ from outside, and is adsorbed easier by montmorillonite when the ionic concentration is lower. The ion concentration 0.025mol/L in reaction solution was selected during complex preparation. Best pH value in the solution.Influence of pH value was shown in Tab.1. The adsorption of humic acid on montmorillonite in acid condition was high, but the adsorption decreased with pH value increased. When the pH value was at the range of 7 to 8.5, the adsorption of humic acid on montmorillonite increased and the adsorption of humic acid on montmorillonite was highest when the pH value was 8.5 in alkaline condition.
Tab.1
The influence of pH value on adsorption of humic acid by montmorillonite The Montmorillonite/ humic acid complex preparation.Based on the experiment, The montmorillonite/ humic acid complex preparation method in alkaline condition was determined as follow: Put 0.2 g montmorillonite into the Erlenmeyer flask and pour 20mL quality concentration 300 mg/L humic sodium solutions which the pH value of the solutions was 8.5, and the ion concentrations of sodium nitrate in the reaction solutions was 0.01mol/L respectively, make the reactions start in constant temperature oscillator at 298k and set reaction time 24 hours. The solid particle was gained after the Erlenmeyer flask was centrifuged. The montmorillonite/humic acid complex was gained after the solid particle was washed and air-dried.
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The remediation effect to the cadmium waste water by the complex The time to achieve best remediation effect.The removal effect of the complex to cadmium in different times was shown in Fig.4 . The cadmium remove effect of the complex was better in 2 hours, and the removal ratio of cadmium was over 99%.
The removal ratios of cadmium in waste water in different initial concentrations.The removal ratios of cadmium in waste water in different initial concentrations were calculated, and the result was shown in Fig.5 . The removal ratios of cadmium in waste water was higher than 99% when cadmium initial concentration in the waste water was lower than 60 mg·L-1 which the ratio of Cd initiative concentration/the complex quantity was lower than 300:1 and the pH value of the solution was 8, and almost all Cd in waste water can be removed. The cadmium adsorption capacity by the complex can be reach 18.96mg/g, which the cadmium initial concentration was 120 mg·L-1. The removal effect of cadmium in waste water which different pH values .When the ratio of Cd initiative concentration/the complex quantity was 300:1, the removal ratio of cadmium by the complex in waste water of different pH values was shown in Tab.2.
The removal ratios of cadmium in different pH values were higher and here is wider pH value range that the complex can be used to remove the cadmium from the waste water. Almost all of the Cd can be removed when the pH value of the waste water was higher than 8.
The benefit of the method
To compare with other complexes, the cadmium adsorption capacity of the complex was three times other complexes（cadmium adsorption capacity ranging from 6 to 7 mg/g）, the pH value ranges from 5 to 9, which was wider than other complexes (pH value ranging from 4 to 6) and the removal effect was better in alkaline environment. 
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Conclusions
The best technologic condition of montmorillonite/humic acid complex preparation was that the mass ratio between montmorillonite and humic acid was 100:3, the reaction solution was 0.01 mol/L sodium nitrate solution and pH value of the reaction solution was 8.5, and the reaction time was 24 hours. The complex has better remediation effect to cadmium in waste water and it can be used in wide pH value ranges from 5 to 9. The cadmium adsorption capacity of the complex was 18.96 mg/g. When the ratio of Cd initiative concentration/the complex quantity was lower than 300:1 and he pH value of the waste water was higher than 8, almost all of the Cd in waste water can be removed.
To compare with other complexes, the cadmium adsorption capacity of the complex was three times other complexes（cadmium adsorption capacity ranging from 6 to 7 mg/g）, the pH value ranges from 5 to 9, which was wider than other complexes (pH value ranging from 4 to 6) and can be used in alkaline environment.
